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1
TOOL CHANGER FOR MACHINE TOOLS

FIELD OF THE INVENTION

The mvention relates to a tool changer for machine tools,
comprising at least one tool gripper, a supporting column for
the tool gripper which can be lifted and lowered and rotated
about the longitudinal axis, and a mechanical cam gear for
generating the lifting and rotating movements of the tool
gripper, which cam gear has a cam barrel, a drive motor, and
an intermediate gear.

DISCUSSION OF PRIOR ART

In modern metal-cutting machine tools, tool-changing
devices of various types are customary which have a tool
storage mostly disposed outside of the actual working space,
and a tool changer. By means of these systems, automatic tool
changes are performed 1n order to reduce the non-productive
times of the respective working machine, the so-called tool
change cycle times. In particular, 1t 1s intended to mimmize
the actual tool allowances which represent a considerable
proportion of the tool change cycle times. In order to perform
a tool change within a time period as short as possible, several
movements ol components of the tool changer are combined
with one another. For example, a lowering movement of the
tool gripper for taking the tool to be exchanged out of the
work spindle of the machine tool, which has moved into the
change position beforehand, a subsequent rotational move-
ment of the tool gripper of a rotational angle of usually 180°
for removing the tool to be exchanged from the position
below the work spindle and for moving a tool to be mserted
into this position at the same time, and finally a lifting move-
ment for introducing the tool to be mserted to the clamping
cone of the work spindle. Suitably, this combined lifting and
prvoting movement 1s made “1n one go”” without any standstill
or sensor evaluation times. In order to generate such a con-
tinuous movement, mechanical cam gears are used which
comprise a cam barrel, a drive motor for moving, particularly
rotating, the cam barrel, and an intermediate gear. Cam tracks
are formed on the barrel shell with which tappet members
engage. A rotational movement of the cam barrel rotates a
supporting column of a tool gripper about the longitudinal
axis thereof and at the same time moves 1t 1n a longitudinal
direction, causing corresponding rotating and vertical move-
ments of the tool gripper.

It 1s a particular problem in the design of mechanical cam
gears to keep the diameter of the cam barrel as small as
possible. Only with a sufliciently small barrel diameter 1s it
possible to realize both the acceleration and the deceleration
extremely fast because the moments of 1nertia of this lifting
and pivoting gear are low due to the small barrel diameter. On
the other hand, when the barrel diameter 1s reduced, the
steepness of the curves will increase whereby the loading of
the mechanical components will rise.

In a known mechanical cam gear a groove-shaped cam
track 1s formed on the upper front of a cam barrel, in which
cam track a tappet 1s guided for generating a lifting movement
of the supporting column including the tool gripper. The
rotational movement of the gripper 1s initiated by one or more
cams on the shell surface of the cam barrel that have only a
limited steepness which can only be achieved by a corre-
spondingly large barrel diameter of approximately 250 mm.
All 1n all, the result will be a relatively voluminous mechani-
cal cam gear and relatively high moments of mertia so that
high driving powers have to be set up 1n order to attain short
tool allowances. Apart from the undesirably high mechanical
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loadings, this known mechanical cam gear also requires a
relatively large constructional space on the machine tool

which may make 1t necessary to have to move the work
spindle to the tool changer and the tool gripper, respectively,
for a tool change 1n accordance with the pick-up principle.
These movements are very time-consuming, in particular
with machine tools having large axial paths because these
machines have massive and heavy carriage units so as to
ensure sulficient stifiness during metal cutting despite the
large axial paths.

SUMMARY OF THE INVENTION
EMBODIMENTS

It 1s a purpose of the invention to provide a tool changer for
machine tools whose mechanical cam gear 1s structured 1n a
technically simple and compact manner, which has low 1ner-
tias so that only relatively small driving powers are required
and which allows a fast change of tools while reducing the
tool change cycle times.

According to embodiments of the invention, this purpose
results, at least 1 pat, from the fact that the cam barrel of the
mechanical cam gear has a tappet for the rotational drive of
the tool gripper on the upper front and a cam curve for the
lifting movement of the tool gripper on 1ts circumierence, that
the tappet engages with a Maltese wheel supported on a shaft
which 1s parallel to the rotational axis of the tool gripper, and
the supporting column of the tool gripper, the cam barrel and
the Maltese wheel are successively arranged with rotational
axes parallel to the axis.

The arrangement of the gear members of the lifting and
pivoting gear on three axes successively arranged 1n parallel
to one another results in the aspired compactness of the
mechanical gear, that 1s, the small width of the tool changer.
This narrowness makes the use of this tool changer possible
even 1n case of little available space on the machine due to 1ts
clongate narrow shape.

A double gripper 1s used whose one gripper recerves the
tool to be exchanged and whose other gripper contains the
tool to be inserted. In order to perform the lifting and lowering
movements required for a change operation, the double grip-
per 1s fixed to a supporting column which can be vertically
moved 1n a longitudinal direction and has a rod guide
enabling the lifting movement required for the tool change.
Furthermore, the supporting column 1s accommodated 1n a
support enabling a rotational movement of the tool gripper
about the column axis for transferring the tools. The cam
guide has a tappet engaging directly with the cam curve
attached to the peripheral surface of the cam barrel. Thus, the
lifting movement of the tool gripper required for the tool
change 1s generated and timely synchronized to the rotational
movement thereof. Based on the arrangement of the cam
curve on the peripheral surface of the cam barrel the cam
curve canrecerve a practicable steepness and at the same time
it 1s possible to considerably reduce the diameter of the cam
barrel as compared to the prior art, for example, to about 130
mm, which consequently effects lowered inertias and lower
mechanical loadings of the structural parts.

According to embodiments of the invention, the rotational
movement of the tool gripper 1s generated by the tappet on the
tront of the cam barrel. This tappet engages with a Maltese or
Geneva wheel supported on a shaft parallel to the rotational
axis of the tool gripper. In order to be able to keep the diameter
of the cam barrel small, the gear ratio of the Maltese step 1s
selected so as make only a slight change of the angular dis-
tance from one drive to the next. However, as the tool gripper
requires a rotation by 180°, which cannot be achieved by a
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Maltese step 1n a reasonable manner, the rotation of the Mal-
tese wheel 1s geared by an intermediate gear such that the tool

gripper carries out a rotation of 180°. The intermediate gear
consists of a gear wheel disposed on the Maltese wheel and
meshing with a gear wheel set separately supported on the
shaft of the cam barrel, whose second gear wheel 1n turn
drives a gear wheel disposed on the rotational axis of the tool
gripper. With respect to diameter and tooth number, these
gear wheels are dimensioned such that a total rotation of the
tool gripper by 180° results.

The arrangement according to embodiments of the inven-
tion minimizes the required space for the mechanical earn
gear as well as the other components for the lifting and piv-
oting movements of the tool gripper by reducing the diameter
of the cam barrel and by arranging the cam curve on the
peripheral surface of the cam barrel. Particularly advanta-
geous outer dimensions of the tool changer result from the
successive arrangement of the drive motor, cam barrel, inter-
mediate gear wheels and supporting column with axes that are
parallel, preferably vertical, to one another. Furthermore, the
Maltese wheel and the coupling thereot with the intermediate
gear make a rotational drive of the tool gripper without jolt
possible. By providing the intermediate gear for the rotational
movement of the tool gripper it 1s possible to keep the
required angle at circumierence for the drive small, an angle
of the cam barrel of between about 45° and about 150° at
circumfierence, which allows a further reduction of the barrel
diameter.

The tool changer according to at least one embodiment of
the invention can be disposed 1n a stationary manner on the
machine tool, that 1s, the supporting column having the tool
gripper mounted to the upper end thereof 1s constantly 1n a
particular position and the horizontal movements required for
a tool change are carried out by the work spindle.

In an advantageous embodiment of the mnvention, the tool
changer has a narrow elongate stationary foundation and a
carriage which can be moved thereon 1n the longitudinal
direction. The carriage consists of a housing in which the
functional parts of the tool changer are accommodated and
which 1s moved by a linear drive, for example, an air-oil
cylinder, a spindle drive, or the like. In this embodiment the
relative horizontal movements required for a tool change are
carried out by the tool grnipper located on the carriage,
wherein apart from these, horizontal movements of the work
spindle are also possible.

An arrangement which is particularly favorable from the
point of view of energy consumption and space-saving 1s
achieved by the fact that the drive motor 1s disposed on end,
that 1s, 1n a vertical orientation, 1n the housing of the station-
ary tool changer and the carriage, respectively, 1n a manner
parallel to the axis and upstream of the cam barrel. This
allows the cam barrel to be driven via a pair of gear wheels
functioning as a reduction gear and the arrangement of the
Maltese wheel including the intermediate gear in the housing
above the drive motor and the cam barrel.

BRIEF DESCRIPTION OF THE DRAWING

The invention 1s further described below by means of the
subsequent detailed description of advantageous embodi-
ment examples of the mvention, reference being made to
accompanying drawing, wherein:

FI1G. 1 1s a schematic perspective of a program-controlled
milling machine comprising a tool changing device accord-
ing to the mvention;

FI1G. 2 1s a schematic perspective of the tool changer shown

in FIG. 1;
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FIG. 3a illustrates the mechanical design of the tool
changer according to FIG. 2 1n mitial and end positions;

FIG. 35 1s a schematic side view of the tool changer of FIG.
3a;

FIG. 4a 1illustrates of the mechanical design of the tool
changer according to FIG. 2 1n an intermediate position; and

FIG. 4b 15 a schematic side view of the tool changer 1n the
position shown 1n FIG. 4a.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The milling machine schematically illustrated in FIG. 1 1n
a perspective view comprises machine stand 1 and bed 2,
which 1s arranged on the front side of the stand. Workpiece
table 4 1s mounted on sloping front 3 of bed 2. Working unit
5 has been arranged at the vertical front of stand 1. Milling
head 6 of working unit 5, which 1s shown vertically arranged
on the stand, has tool 7 clamped there by a conventional tool
holding fixture. To the right of the stand 1, as viewed 1n FIG.
1, 1s tool chain magazine 10 comprising a plurality of verti-
cally oriented tools 11 hung from the circulating magazine
chain. By dniving the magazine chain, a respective one of
tools 11 can be moved to a tool change position.

As shown i FIG. 1, below chain magazine 10 1s tool
changer 13 which has carriage 15 on foundation 14 which 1s
also disposed 1n a sloping horizontal orientation alongside
machine stand 1. Carriage 15 can be moved by motor spindle
drive 16 on foundation 14 i the direction of the double arrow
and forms housing 17. A vertically oriented supporting col-
umn 18 1s rotatably supported at the free end of carnage 15.
On the upper end of column 18 1s tool double gripper 20
comprising two diametrical gripper tongs.

As can be seen from FIG. 2, supporting column 18 com-
prises two upper telescoping supporting struts 18a, 185, the
lower end of column 18 being fixed to common rotating disk
19. At the upper end of column 18 1s tool gripper 20, which
formed as a double gripper. Portions of supporting column 18
can be moved linearly in the direction of double arrow 21, and
can be rotated by 180° about 1ts rotational axis 22 (ci. FIGS.
3 and 4). As can be taken from FIG. 2, rod gmide 23 1s provided
under supporting column 18 on rotational axis 22. The lower
end of the rod guide 1s supported in floor bearing 24 of
housing 17. A transversely aligned member 26 1s supported
for vertical movement on rod guide 23. Member 26 1s con-
nected to the upper portion of supporting column 18 and has
cam followers or tappets 23 at its ends. In housing 17, cam
barrel 30, whose rotational axis 31 1s oriented parallel to
rotational axis 22 of supporting column 18, 1s supported
alongside rod guide 23 of the supporting column. On the
peripheral surface of cam barrel 30 (referred to also as a
lifting barrel), groove-shaped cam curve 32 1s formed with
which tappet 25 of rod guide 23 engages.

On the upper front of the cam or lifting barrel 30, turther
tappet 34 1s eccentrically fixed which cooperates with Malt-

ese wheel 40 (described below) when the lifting barrel 1s
rotated.

Inhousing 17 of carriage 15, 1n the front part, 1s drive motor
35, disposed parallel to the axis of cam barrel 30, whose
driven shaft 36 (see FIGS. 3b and 4b) carries gear wheel 37
engaging with another gear wheel 38 at the bottom end of the
lifting barrel. The gear wheel pairing 37, 38 forms a reduction
gear by means of which lifting barrel 30 1s driven by motor 35.
Motor 35 may be an electric motor but it could be some other
suitable driving device.
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Maltese wheel 40, which 1s schematically shown 1n FIGS.
3a, 4a, 1s fixed to shait 39 supported in the cover plate of
carriage housing 17 and aligned 1n parallel to barrel axis 31.
Tappet 34 1s fixed to the upper side of barrel 30 and 1s con-
figured to engage with one of radial slots 41 of the Maltese °
wheel and set the wheel into rotation, as shown in FIGS. 44
and 4b5. A coaxially supported gear wheel 43 1s mounted to
Maltese wheel 40, which gear wheel 43 1s engaged with
pinion 44 supported on shait 31 of barrel 30. Gear wheel 45,
which 1s engaged with another gear wheel 46, 1s mounted to
pinion 44. Gear wheels 43 to 46 form an intermediate gear.

As can be taken from FIGS. 3 and 4, cam barrel 30, sup-
porting column 18, Maltese wheel 40, drive motor 35, and the
gear wheels of both the reduction gear and the intermediate
gear are disposed i common housing 17 with respectively
vertical axes parallel to one another 1n a row.

One of the advantages of embodiments of the tool changer
according to the invention, that being the relatively small
width, can be observed in particular from FIGS. 3 and 4. This 20
clongate narrow shape enables a sloping orientation of the
tool changer to the machine tool and 1ts working space,
respectively, 1n the horizontal plane, which 1s shown 1n FIG.

1. This small width 1s achieved by successively arranging the
individual components, that 1s, supporting column 18, barrel 25
30, Maltese wheel 40, and drive motor 35 1n line or 1n a row.
The intended small diameter of barrel 30 1s obtained by form-
ing cam curve 32 on the peripheral surface of the barrel, and
tappet 34 engaging with the Maltese wheel on the upper front
ol barrel 30. S

As can be seen from FIG. 3, supporting column 18 and tool
gripper 20 are 1n the top 1nitial position in which tappet 25
engages with the top portion of cam curve 32 on the lifting
barrel and tappet 34, disposed on the front of the lifting barrel,
1s 1n the position opposite to or spaced from Maltese wheel
40. By activating drive motor 33, lifting barrel 30 is rotated
via reduction gear 37, 38 into the intermediate position shown
in FI1G. 4, 1n which supporting column 18 and thus, also, tool
gripper 20, are 1 their lowest position. Due to the half rota- 4
tion of the lifting barrel, tappet 34 has moved to the diametri-
cally opposite position and pushed into one of radial slots 41
of the Maltese wheel. The resulting rotational movement of
Maltese wheel 40 1s transterred to supporting column 18 and
thereby also to tool grippers 20 via the intermediate gear, that 45
1s, gear wheel sets 43 to 46. The lifting and p1voting move-
ment of tool gripper 20 resulting therefrom 1s a continuous
movement which makes fast automatic tool changes possible
while relatively little space 1s required. Tool changer 13,
including its lifting and pivoting gear, 1s formed 1n a compact
manner and occupies a small structural space. Thus, carriage
15 carrying the tool gripper, among others, can be formed
narrowly, that 1s, only slightly wider than the maximum diam-
eter of the tools to be 1nserted.

The invention 1s not limited to the embodiments illustrated
in the drawing and described above. For example, the foun-
dation of the tool changer can form the stationary supporting
structure for housing 17, or the functional parts of the tool
changer, that 1s, instead of carriage 15, housing 17 may be ¢,
solidly mounted to foundation 14. In this case the horizontal
movements required for the change of a tool between the tool
holding fixture in the work spindle and the respective tool

gripper are carried out by the work spindle or the milling
head. Apart from that, cam or lifting barrel 30 can also be 65
disposed upstream of drive motor 35 in housing 17 1n a row
with the motor and with supporting column 18.
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What 1s claimed 1s:

1. A tool changer for replacing a machining tool held by a
working unit with another machining tool to be held by the
working unit, the tool changer comprising;:

a housing;

a supporting column rotationally coupled to said housing,

a portion of said supporting column being configured for
linear movement so as to be selectively raised and low-
ered, said supporting column being rotatable relative to
said housing about a first axis;

at least one tool gripper mounted on said supporting col-
umn for linear movement with the portion of said sup-
porting column and for rotational movement with the
supporting column;

a Maltese wheel rotatably mounted to said housing on a
first shaft having a longitudinal rotation axis parallel to
said first axis:

cam gear apparatus coupled to said supporting column for
raising, lowering, and rotating said at least one tool
gripper, said cam gear apparatus comprising:

a drive motor;

a cam barrel having a longitudinal rotation axis parallel
to said first axis; and

an mtermediate gear arrangement coupled between said
Maltese wheel and said supporting column;

a first tappet on said cam barrel, said first tappet being
configured to engage and rotationally drive said Maltese
wheel:

a cam curve on said cam barrel;

a second tappet mounted to said supporting column and
engaging said cam curve for raising and lowering said
portion of said supporting column and said at least one
tool gripper, said second tappet being at least one end of
a member that 1s configured to be linearly guided along
the first axis along a guide rod whose longitudinal axis 1s
coaxial with the first axis.

2. The tool changer according to claim 1, where said cam
barrel, said supporting column, said Maltese wheel, said drive
motor, and said intermediate gear arrangement are arranged
in said housing, and wherein said first axis, said longitudinal
rotation axis of said cam barrel, said longitudinal rotation axis
of said first shaft of said Maltese wheel, a rotation axis of an
output shaft of the drive motor, and rotation axes of gear

wheels of the itermediate gear arrangement, are vertical
axes.

3. The tool changer according to claim 2, wherein said
housing 1s part of a carriage which can be moved linearly on
a stationary foundation.

4. The tool changer according to claim 3, wherein said
supporting column 1s configured with upper and lower tele-
scoping segments,

wherein said guide rod 1s connected to the upper segment

of said supporting column and extends downwardly
from said supporting column; and

wherein said member 1s a transversely aligned member,

having a longitudinal axis that 1s transverse with respect
to said first axis, mounted on said rod guide for vertical
movement 1n the direction of said first axis with respect
to said guide rod.

5. The tool changer according to claim 2, wherein said
housing 1s slidingly mounted to a stationary and elongate
foundation.

6. The tool changer according to claim 3, wherein said
supporting column 1s configured with upper and lower tele-
scoping segments,
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wherein said guide rod 1s connected to the upper segment
of said supporting column and extends downwardly
from said supporting column; and

wherein said member 1s a transversely aligned member,

having a longitudinal axis that 1s transverse with respect
to said first axis, mounted on said rod guide for vertical
movement 1n the direction of said first axis with respect
to said guide rod.

7. The tool changer according to claim 2, wherein said
supporting column 1s configured with upper and lower tele-
scoping segments,

wherein said guide rod 1s connected to the upper segment

of said supporting column and extends downwardly
from said supporting column; and

wherein said member 1s a transversely aligned member,

having a longitudinal axis that 1s transverse with respect
to said first axis, mounted on said rod guide for vertical
movement 1n the direction of said first axis with respect
to said guide rod.

8. The tool changer according to claim 2, wherein the
rotation axis of the output shatt of said drive motor 1s disposed
parallel to the longitudinal rotation axis of said cam barrel.

9. The tool changer according to claim 2, and further com-
prising reduction gears by which said drive motor drives said
cam barrel.

10. The tool changer according to claim 2, wherein said
intermediate gear arrangement comprises gear wheel sets
successively arranged 1n a row with the rotation axes of each
of the gear wheels being parallel to said first axis.

11. The tool changer according to claim 2, wherein said
supporting column 1s formed with two supporting struts hav-
ing longitudinal axes that are parallel to each other.

12. The tool changer according to claim 1, wherein said
supporting column 1s configured with upper and lower tele-
scoping segments,
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wherein said guide rod 1s connected to the upper segment
of said supporting column and extends downwardly
from said supporting column; and

wherein said member 1s a transversely aligned member,

having a longitudinal axis that 1s transverse with respect
to said first axis, mounted on said rod guide for vertical
movement 1n the direction of said first axis with respect
to said guide rod.

13. The tool changer according to claim 12, wherein a
rotation axis of an output shatt of said drive motor 1s disposed
parallel to the longitudinal rotation axis of said cam barrel.

14. The tool changer according to claim 12, and further
comprising reduction gears by which said drive motor drives
said cam barrel.

15. The tool changer according to claim 12, wherein said
intermediate gear arrangement comprises gear wheel sets
successively arranged 1n a row with rotation axes of each of
the gear wheels being parallel to said first axis.

16. The tool changer according to claim 12, wherein said
supporting column 1s formed with two supporting struts hav-
ing longitudinal axes that are parallel to each other.

17. The tool changer according to claim 1, wherein a rota-
tion axis of an output shaft of said drive motor 1s disposed
parallel to the longitudinal rotation axis of said cam barrel.

18. The tool changer according to claim 1, and further
comprising reduction gears by which said drive motor drives
said cam barrel.

19. The tool changer according to claim 1, wherein said
intermediate gear arrangement comprises gear wheel sets
successively arranged 1n a row with rotation axes of each of
the gear wheels being parallel to said first axis.

20. The tool changer according to claim 1, wherein said
supporting column 1s formed with two supporting struts hav-
ing longitudinal axes that are parallel to each other.
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